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Cranberry	  Pollina-on	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•  Research	  on	  bumble	  bees	  	  
–  Pes-cide	  cocktails	  a	  
problem?	  
–  Are	  pathogens	  moving	  
between	  honey	  bees	  and	  
bumble	  bees?	  
•  The	  big	  picture-­‐-­‐honey	  
bee	  decline	  
–  Stress	  
–  Varroa	  mite	  and	  DWV	  
–  Mul-ple	  factors	  
involved!	  
Structure	  
•  Cranberry	  pollina-on	  in	  MA	  
•  Pollinators	  are	  essen-al	  
– 	  rely	  almost	  exclusively	  on	  a	  single	  species	  
of	  bumble	  bee	  (Bombus	  impa;ens)	  and	  
honey	  bee	  rentals	  
•  2	  studies	  on	  bumble	  bees	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•  Last	  year,	  we	  observed	  bumble	  bees	  dying	  
when	  held	  in	  the	  lab	  a_er	  bloom	  sprays	  
•  Hypothesis:	  cocktail	  of	  new	  fungicides	  Indar/
Abound	  mix	  +	  insec-cide	  for	  CFW	  is	  a	  risk	  to	  
bees	  
Cage study: bumble bee mortality following pesticide 
exposure 
•  No	  spray	  applied	  on	  day	  of	  exposure	  
•  Treated:	  spray	  treatments	  on	  day	  of	  exposure	  
–  Indar/Abound	  +	  Altacor	  
–  Indar/Abound	  +	  Intrepid	  
–  Indar/Abound	  +	  Delegate	  
– Allowed	  to	  dry	  completely	  before	  bees	  introduced	  
Cage study: bumble bee mortality following pesticide 
exposure 
Cage study: bumble bee mortality following pesticide 
exposure 
•  Released	  25-­‐30	  bumble	  
bees	  into	  cage	  with	  
treated	  or	  not	  treated	  
vines	  
•  Allowed	  foraging	  on	  
bloom	  for	  2	  or	  4	  hrs	  
•  Collected	  bees	  and	  held	  
individually	  in	  lab	  
•  Compared	  days	  survived	  
for	  treated	  and	  not	  
treated	  vine	  exposure	  
Cage study: bumble bee mortality following pesticide 
exposure 
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•  Don’t	  have	  the	  bo;om	  line	  on	  this	  problem	  
yet;	  need	  replica-on;	  results	  complicated	  
•  Fungicides	  not	  tested	  alone	  
•  Insec-cides	  not	  tested	  alone	  
•  What	  about	  Bravo?	  (limited	  use	  lately)	  
In sum 
•  Advise	  applying	  fungicides	  and	  insec-cides	  
separately	  un-l	  further	  no-ce	  
•  Altacor	  be;er	  choice	  during	  early	  bloom	  than	  
Delegate	  
In sum  -- preliminary takes 
Honey	  bee	  virus	  to	  bumble	  bee?	  
•  Ebola	  
•  Colds,	  Flu	  
•  AIDS	  
•  West	  Nile	  	  
•  Eastern	  Equine	  
Encephali-s	  
•  Rabies	  
•  Chicken	  pox	  	  
•  Small	  pox	  	  
•  Mumps	  	  
•  Measles	  
Diseases caused by viruses in humans 
Bees	  also	  have	  many	  viruses	  that	  cause	  disease	  
Sacbrood	  infec-on	  in	  honey	  bee	  
immature	  
Made	  collec-ons	  of	  
bumble	  bees	  at	  
	  
•  Wild	  sites	  
–  Quabbin	  Reservoir	  and	  
Provincetown	  
•  Not	  wild	  sites	  
–  Cranberry	  bogs	  with	  
migratory	  and	  sta-onary	  
bees;	  bee	  yard	  with	  lots	  
of	  hives	  
Bumble bees collected at Quabbin, no/few honey bees 
Photo:	  Na-onal	  Park	  Service	  
Bumble bees collected Provincetown, no/few honey 
bees 
Bumble bees collected at a honey bee yard 
Bumble bees collected at bogs with honey bees 
•  Cooperator	  =	  John	  Burand	  a	  virologist	  at	  
UMASS	  Dept	  of	  Microbiology	  
•  Looked	  for	  presence	  of	  several	  viruses	  in	  
popula-ons	  of	  honey	  bees	  and	  bumble	  bees	  	  
•  Compared	  bumble	  bee	  infec-on	  when	  lots	  of	  
honey	  bees	  around	  and	  when	  few/no	  honey	  
bees	  around	  
Honey	  bee	  virus	  to	  bumble	  bee?	  
Bumble	  bees	  collected	  and	  analyzed	  for	  a	  
honey	  bee	  virus	  –	  sacbrood	  virus	  (SBV)	  
No	  virus	  
+SBV	  
State	  Bog-­‐Migratory	  bees	  
Bog	  –	  Migratory	  bees	  
Bog	  –	  Sta%onary	  bees	  
Bee	  Yard	  
Quabbin	  
Ptown	  1	  
Ptown	  2	  
Propor%on	  of	  bumble	  bees	  posi%ve	  for	  sacbrood	  virus	  shown	  in	  gray	  
In	  sum	  
•  Viruses	  are	  moving	  through	  pollinator	  
community	  
•  Sets	  baseline	  as	  we	  watch	  for	  decline	  in	  
bumble	  bee	  species	  
•  Not	  know	  if	  Sacbrood	  virus	  replicates	  in	  
bumble	  bees	  or	  what	  effect	  is	  
–  two	  other	  HB	  viruses	  are	  known	  to	  replicate	  in	  BB	  
Photo:	  John	  Kimbler	  
What	  is	  the	  honey	  bee	  situa-on?	  
•  Losses	  remain	  above	  the	  level	  that	  beekeepers	  
consider	  economically	  sustainable.	  	  
– 7000	  par-cipated,	  2/3	  said	  losses	  too	  high	  
•  2013-­‐2014:	  losses	  were	  lower	  than	  previous	  
years.	  
Annual	  survey	  of	  beekeepers	  
Blue	  bar=	  
expected	  
losses	  
•  Yearly	  fluctua-ons	  are	  the	  rule	  
•  	  Honey	  bee	  health	  is	  complicated,	  cannot	  get	  
complacent	  
•  Industry	  depends	  on	  migratory	  bees	  and	  this	  
popula-on	  may	  be	  most	  variable	  
Keep	  in	  mind	  
Migratory	  beekeeper	  opera-ons 
Migratory	  honey	  bees	  
Hilary	  Rosner.	  
September	  2013,	  
Scien;fic	  
American	  
•  Unbridled	  pathogen/parasite	  exchange	  
opportunity	  
•  Exposure	  to	  mul-ple	  crops	  
–  Poor	  nutri-on,	  non-­‐diverse	  diet	  for	  several	  weeks	  at	  a	  
-me	  
–  Pes-cide	  cocktails	  from	  each	  crop	  
•  Stuck	  on	  truck	  for	  long	  travel	  intervals	  
•  May	  arrive	  to	  bad	  condi-ons	  
–  Bloom	  has	  not	  begun	  on	  target	  crop	  
–  Rain,	  cool	  weather	  
–  Drought,	  hot	  weather	  
Stressed	  colonies	  
•  Large-­‐scale	  unfavorable	  weather	  events	  may	  
come	  before	  observed	  bee	  decline	  	  
•  reported	  collapses	  a_er	  
–  droughts	  in	  the	  Midwest,	  South,	  Texas,	  and	  California	  	  
–  very	  wet	  summer	  weather	  in	  the	  Midwest	  and	  East	  	  
–  unusual	  frosts	  in	  the	  southerly	  states	  
•  Poor	  weather	  during	  bloom	  periods	  cause	  major	  
nutri-onal	  stress	  	  
Large-­‐scale	  bad	  weather	  
Photo:	  Anthony	  Dunn	  
California	  almond	  bloom:	  huge	  pollina-on	  demand	  
Half	  the	  honey	  bees	  go	  to	  CA	  for	  almond	  
	  (90	  million	  trees,	  2.5	  trillion	  flowers)	  
	  
Late	  bloom	  in	  almond	  
California	  almond	  bloom:	  huge	  pollina-on	  demand	  
Large-­‐scale	  bad	  weather-­‐drought	  in	  almond	  
Drought	  in	  CA	  –	  dead	  almond	  trees	  
Bees	  need	  water	  source	  
•  Drinking	  water	  
•  During	  very	  hot	  weather,	  honey	  bees	  use	  
water	  to	  cool	  the	  colony	  by	  fanning	  and	  
evapora-ng	  water	  droplets	  inside	  the	  hive.	  
•  (also,	  when	  water	  is	  scarce,	  plants	  produce	  
less	  nectar	  and	  pollen)	  
Bees	  need	  water	  source	  
2000	  1990	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Onset	  of	  bee	  decline	  	  
Hilary	  Rosner.	  
September	  2013,	  
Scien;fic	  American	  
	  
	  
	  
Beekeepers	  prepare	  to	  move	  on	  a_er	  they	  completed	  pollina-ng	  
a	  blueberry	  field	  near	  Columbia	  Falls,	  Maine	  June	  23,	  2014.	  	  
Photo:	  Adrees	  La;f/Reuters	  
Wild	  lowbush	  blueberry	  in	  Maine	  
For	  some	  growers,	  migratory	  bees	  stayed	  in	  Maine	  	  
and	  arrived	  in	  cranberry	  late	  
•  Study	  of	  changes	  in	  
number	  of	  ‘good’	  
pollina-on	  days	  in	  ME	  
blueberry	  
•  Frank	  Drummond,	  
University	  of	  Maine	  –	  
Orono	  
Wild	  lowbush	  blueberry	  in	  Maine	  
•  Used	  weather	  data	  from	  1960s	  to	  present	  
•  	  Constructed	  a	  model	  to	  determine	  the	  
number	  of	  days	  in	  which	  bees	  can	  pollinate	  
blueberry	  during	  the	  bloom	  period.	  	  
Wild	  lowbush	  blueberry	  in	  Maine	  
A	  changing	  climate	  ?	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Trend	  of	  Number	  of	  Pollina%on	  Days	  1960-­‐2012,	  Blue	  Hill,	  Maine	  
Decline	  in	  the	  number	  of	  days	  during	  bloom	  that	  are	  
good	  for	  bee	  flight	  began	  in	  1990s	  
ME	  blueberry	  has	  only	  about	  HALF	  the	  number	  of	  nice	  
pollina-on	  days	  during	  bloom	  and	  it	  is	  primarily	  due	  to	  
rain	  
•  Don’t	  take	  bees	  for	  
granted	  
	  
•  Appreciate	  issues	  faced	  
by	  the	  beekeeper	  you	  
have	  contract	  with,	  
listen	  to	  concerns	  
•  Rental	  $$$	  up	  maybe	  
To	  this	  point	  
Empty	  pallets	  from	  beekeeping	  
opera-ons	  in	  California	  
almond	  
•  Migratory	  bee	  opera-ons	  
go	  to	  midwest	  to	  recover	  
•  >	  $4	  million	  to	  help	  
farmers	  and	  ranchers	  in	  
the	  Midwest	  improve	  the	  
health	  of	  honey	  bees	  
•  June	  2014	  	  Pres.	  Obama	  
announced	  federal	  task	  
force	  would	  	  inves-gate	  
bee	  decline	  ($)	  
Good	  news	  
•  Lots	  of	  reasons,	  and	  they	  happen	  in	  concert	  
usually	  	  
– Poor	  nutri-on,	  nutri-onal	  stress,	  pes-cide	  
exposure,	  pathogen	  load,	  weather	  etc.	  
– Parasi-c	  varroa	  mite	  a	  key	  player	  
Why	  are	  honey	  bee	  colonies	  lost?	  Very	  complicated	  

Analogy	  of	  researchers	  inves-ga-ng	  bee	  decline,	  one	  
factor	  at	  a	  -me	  
Varroa	  mites	  are	  a	  key	  challenge-­‐-­‐	  
levels	  appear	  to	  be	  higher	  year	  a_er	  year	  
Parasi-c	  Varroa	  mite	  a	  key	  player	  
•  Known	  to	  be	  impaired	  by	  
– Varroa	  mites	  
– Poor	  nutri-on	  
– Stress	  
– Certain	  pes-cides	  
By	  the	  way	  :	  immune	  func-on	  of	  bees	  
•  Viruses	  appear	  in	  healthy	  colonies,	  only	  to	  
explode	  during	  -mes	  of	  stress.	  	  
•  Many	  viruses	  are	  only	  damaging	  when	  in	  
combina-on	  with	  another	  stressor	  like	  Varroa	  	  
•  Here	  is	  an	  example	  of	  a	  complicated	  story	  
contribu-ng	  to	  bee	  decline	  
Deformed	  wing	  virus	  (DWV)	  of	  honey	  bees	  
OK,	  combine	  Varroa	  mite	  with	  
deformed	  wing	  virus	  (DWV)	  	  
L.	  Packer	  says:	  it's	  a	  bit	  like	  having	  a	  rat-­‐sized	  bloodsucker	  between	  your	  shoulder	  blades	  	  
	  
•  Normally,	  lots	  of	  different	  strains	  of	  deformed	  
wing	  virus	  are	  present	  at	  low	  levels	  within	  the	  
bees	  and	  don't	  do	  any	  harm	  
•  BUT:	  when	  the	  Varroa	  mite	  enters	  the	  picture,	  
most	  of	  the	  benign	  strains	  are	  weeded	  out,	  
and	  what	  remains	  is	  one	  dominant	  strain	  that	  
is	  both	  more	  prevalent	  and	  more	  deadly.	  
Varroa	  +	  DWV	  =	  deadlier	  virus	  strain	  
•  The	  strain	  is	  made	  all	  the	  deadlier	  by	  the	  fact	  
that	  when	  the	  mite	  feeds	  on	  the	  bee's	  
blood,	  it	  transmits	  the	  virus	  directly	  into	  its	  
bloodstream,	  which	  enables	  the	  virus	  to	  
bypass	  the	  bee's	  natural	  immune	  barriers.	  
•  When	  the	  mite	  is	  not	  present,	  the	  virus	  is	  
transmi;ed	  from	  bee	  to	  bee	  through	  feeding	  
or	  ma-ng	  and	  remains	  in	  the	  gut,	  never	  
entering	  the	  blood.	  
Varroa	  +	  DWV	  =	  deadlier	  virus	  strain	  
Varroa	  +	  DWV	  +	  pes-cides 
•  Chemical	  management	  
of	  Varroa	  mite	  leads	  to	  
residues	  in	  bees	  wax	  
cells	  where	  brood	  are	  
raised	  
Honey	  bee	  life	  cycle 
Wax	  cell	  absorbs	  and	  holds	  certain	  pes-cides	  
Pes-cide	  cocktails	  from	  foraged	  crop	  
• Larvae	  in	  contaminated	  wax	  cells	  
• Adult	  workers	  exposed	  in	  field	  
• Workers	  eat	  contaminated	  pollen/nectar	  
• Larvae	  fed	  contaminated	  pollen/nectar	  
Varroa	  +	  DWV	  +	  pes-cides 
What’s	  in	  the	  pollen?	  	  
Honey	  bees	  with	  pollen	  loads	  
Pollen	  traps	  a;ached	  to	  hives	  during	  cranberry	  bloom	  

Varroa	  mi%cide	  used	  	  
by	  beekeeper	  
Altacor	  
Casoron	  
Indar	  
Intrepid	  
Varroa	  mi%cide	  	  
Abound	  
Bravo	  
Delegate	  
Propor-ons	  of	  pes-cides	  at	  highest	  pes-cide	  load	  site	  
MA	  Cranberry	  data:	  pollen	  taken	  from	  honey	  bees	  at	  bog	  
What	  about	  neonico-noids?	  
•  Imidacloprid	  
–  Soil	  grubs	  
–  Summer	  app	  
•  Actara	  	  
–  Late	  season	  weevil	  
–  Summer	  app	  
•  So,	  the	  role	  of	  
neonicotnoids	  in	  
causing	  bee	  decline	  is	  
being	  intensely	  debated	  
and	  researched	  without	  
a	  clear	  answer	  at	  this	  
point.	  	  
•  Public	  concern	  huge	  
But	  something	  to	  think	  about:	  
•  As	  Dr.	  Eric	  Mussen	  (CA)	  writes:	  
Nobody’s	  really	  been	  able	  to	  show	  that	  [the	  
neonico4noids]	  are	  more	  problema4c	  than	  the	  
rest	  [of	  the	  pes4cides	  to	  which	  bees	  are	  
exposed]	  	  
The	  bumble	  bee	  queen	  
	  	  	  	  overwinters	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